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FHODS for the con-

_version of amorphous
proteins into fibers have long
been known.  In 1898 Millar
(3) prepured protein fibers by
extruding
water  mixtures  into air
A few yenrs lnter Todtenhaupt (6) tade eeein fibers by oex-
trading an alkaline solution of cnsein into an acid bath. Reeent
improvements in the Intter process have resulted in the com-
mereind development of a textile fiber from easein, Pwly in the
development, of protein fibers, it was found that the durability of
the fiber was markedly inereased by treatment with formaldelyde
and other tannimg azents. Fhese substunees deerense waler ab-

hewted IJl'nt.('in—

sorption and bacterinl decomposition of protein fibers and make
them more flexible,  Water absorption of the treated protein
fiber is not completely eliminated, however, and lass in strength
and shape of the fibers in the presence of water Tinits their use.
The present shortage of pig hristles and other coarse animil
hair, such ns horschair, suggested the developient of a protein
fiber hiving the size and properties of these natural hairs. In the
following method for preparing such fiber, heated isoelectric pro-
_tein mixed with water is extruded into air; it is then stretehed
“nd hardened, under tension, with quinone alone or quinone fol-
wowed by formaldehyde,

PREPARATION OF FIBERS

A mumber of proteins, including cuscin, soybean, geluting zein,
edesting, araching, and glatening have been converted into fibers by
extrusion. Iowever, ensein was used entirely in the development,
of fibers suitable for bristle material as deseribed in this report.
Several commereinl acid-precipitated caseins were found to be
suitable for fiber extrusion.  Purifieation of the better commercind
cnseing did not materially improve the quality of the fiber. The

Figure 1 (Below). Press and Accensory Fquipment for
Spinning Casein Fibers

Figure 2 (Right). Close-up Vigw of Fiber Formed by
Extrusion of Heated Casein-Water Mixture through the
Four-Hole Die into Air

A method is deseribed for producing coarse fibers from
canein by extruding u heated mivture of casein and water
through u muitable die. When the fiber is stretehed and filier.
hardened, under tension, with ¢|'uinnm', o hristle material
imobtained, whichisbeing tested in certain typesof brashes,
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In making enein fiber, 40-100 me b cotnmeteind aeid-preeip
itnted ensein containing approximately OO, o ture 14 tned
with 707, of its weivht of water, and the mixture 1oallowed to
stand for an hour, The hydraded ea winis placed i dizeonting
ous press of the evlinder type with o coline of 370 ce (Fignre
and 2y and heated : fowly to about 957 Coto remove il and form a
plastic miss Fibers wre formed by foreiny the heated encein
water mixtore through aodie with holes of aznitable dinmeter,
usually from 0.3 to 0.6 mm. A finely woven stainles: steel sercen
in the removal

or breaker plate is plieed in brek of the die o s
of air and furll-i;'n materid from the e cin before the fiber i
formed.  To minimize sticking, the fibers wre pused rapidly by
menns of rotating drams through wosolution, nt pH of abhout 1 7,
containing 2% formaldehyde, 0.19, naphthulene sulfonate, and
109, sodinm sulfate, The fibers are collected ona saitable recl,
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Figure 3,

as shown in Figure 1. Fiber can also be made by extruding easein
mixed with only 37% of its weight of water. In this case sticking
is s0 much reduced that the fibers are extruded directly in air
without the bath.

The extruded fiber, in the form of a skein of continuous fila-
ments, is placed in the stretehing bath (Figure 3) and is passed
through two stirrups. One of these is stationary while the other is
gradually pulled along the length of the tank by & motor mecha-
pism. When a saturated solution of quinone is cmployed at
room temperature, the fiber is stretched at the rate of 1% of the
original length per minute until the original length has been
doubled; the time required is 1 hour and 40 minutes. When
higher temperatures are used, the rate of stretching must be in-
creased. After stretching is completed, the fiber remains under
tension in the quinone bath (room temperature) for at least 24
hours; further hardening and attendant reduction of water ab-
sorption may be obtained by allowing it to stand under tension in
a 29, formaldchyde solution for another 24 hours, Iardening
has been found to be best near pH 4.7. Finally the fiber is re-
moved from the bath, washed, and dried at room temperaturo
under sufficient tension to keep it straight.

The effect of variations in degree of stretching on tensile
strength and flexibility is shown in Figure 4. The testing was
done at 65% relative humidity and 70° F. on a standard Scott
inclined-plane serigraph-2 testing machine. The tensile strength
of a fiber with a loop tied in it was cmployed as a measure of
flexibility (curve C). As the degree of stretching is increased,
tensile strength increases. However, a point is reached where an
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A and B, dry tensile strengtht C, tensile strength of fiber with a
loop tied in it (flexibility)s D, wet tensile strength

Figure 4.

Motor-Driven Machine for Stretehing Skein Casein Fiber during Hardening with Quinone

inerease in the degree of stretehing reduces flexibility,  Conse-
quently, stretehing is not carried to the greatest possible extent,
in making bristlelike cascin fibers. Instead the fibers are st retcehed
only to twice their original length in the quinone bath in order to
obtain the highest strength consistent with greatest flexibility.
Stretching also increnses the wet strength and slightly decreases
water absorption. This treatment results in a casecin bristle with
a dry strength of 0.7-0.8 gram per denier under standard condi-
tions and a wet strength of 0.3-0.4 gram per denier after immer-
sion in water for 4 hours at 70° I, (Table 1),

PROPERTIES AND USES OF ARTIFICIAL BRISTLES

The stretched- and quinone-hardened casein fibers are cylin-
drical (Iigure 5) and black. Figure 6 shows snmples of experi-
mental brushes made with cascin bristle fiber. The stiffness of the
fiber varies with the diameter. Fibers with o diameter of 0.6 mm,
(3312 denier) are quite stiff; fibers with a diameter of 0.2 mm.
(368 denier) are soft and pliable. sxperimental paint brushes
made with this fiber have been prepared in considerable numbers.
Since heating hardened casein fibers above 100° C. for scveral
hours produces brittleness, ordinary methods of setting natural
bristles such as that involving the vuleanization of rubber for
goveral hours at 140° are unsnited for artificial bristles made
from cascin. This difficulty has been overcome by vuleanizing
with rubber at lower temperatures and also by using a setting ma-

Photomicrograph of a Cross Section of Casein
Bristles (X 11)

Figure 5.




Cusein hristles are stable in air under ordinary conditions aned
hnve heen kept for two yeurs without deterioration, Fven after
long, heating at 607 ., the physical propertica of the fiber swere
chanped only slightly when subsequently conditioned at room
temperature,
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Canein hrintle 0.7 0.% 0.6 0.65 040 0.45

Pig bristle J.001.2 0.8 0.9 0.9 1.2

Haorsehupir 1.2-1.4 0H 49 10 1.0 1.3
.

Single knot 4 b, in water (22 02

DISCUSSION

T'he batch process deseribed for the production of cascin bristles
i adequate for many purposes.  For large-seale economie pro-
duction, however, a4 continuous process would be highly advan-
tageous, and it has been found that the fiber can be extraded with
o commercially available serew-type extruder. The process de-
seribed here, involving hardening for 24 hours at room tempera-
ture, produces a fiber containing approximately 10% quinone.
This amount of quinone is required to make the fiber durable and
resistant to water.  The influence of temperature on the rate of
uptake of quinone i shown in Figure 7. In order to obtain ap-
proximately 107, quinone in the fiber in 10 minutes, it is
necessary to use a temperature of 60° C.

N
,"Figuru 6. Casein Bristle and Experimental Brushes
: Made from Artificial Fiber

terial, made of urca-formaldehyde and alkyd types of synthetic
resin, that hardens at 80° C. These paint brushes, although
made of untapered bristles, have good puaint-carrying capacity,
make smooth films, and have good wear resistance. - The bristley
are resistant to oils and fat solvents, but soften when allowed
to stand in water.

Although the dry tensile strength of the casein bristles is not
#0 great ay that of natural bristles, the strength is adequate for
most brushes not subject to wetting with water. In water the
cascin bristles absorb about 189, water, become soft, and have a
tensile strength of only about half their dry tensile strength;
this makes themeunsuited for use in water, Table II compares
casein bristles with natural bristles.
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76 ‘f‘:’z The simultancous stretehing and hardening of the fiber in a

425 ;’5 3:2(’, relatively short period requires further investigation.  Toincrease

K6 0.45 the tenstle strength of the fibers, the streteh must be applied at o

388 507 ;1 definite time during hardening,  Considerable streteh can be ap-
73 plied to the fiber as it emerges from the orifice of the extruder
443 421 .73 while it ig in the air and still at an clevated temperature. How-
o ever, no added strength is given the fiber by the maximum

@ Grama per denier can be converted to imumln per sguare inch by malti- streteh Lhut.(::m'b'c upphcd in this “”""{“r' . It is m’"’“"'m"’ry to
plying by the factor 16,630 since the fiber han u dennity of ahout 1.3, [Sie- have o certain minimum degree of hardening in order to increase
minski, M.A., Rayon J'eztile Monthly, 24, 63 (1043) ). Denier » weipght in : . .

grutns of 9000 meters of fiber, the strength by stretching.  If the hardening has progressed too

far, however, the fiber can be stretched comparatively little before

Denier)




it breaks. ‘There is thus an optimum amount of hardening for
cpermitting the maximum effective streteh to be applied. This
swas shown by an experiment in which the maximum degree of
streteh that could be applied to the fibers was determined at 5.
minute intervals after immersion in o guinone solution under var-
ious conditions.  The maximun extension of about, 3009, was
attained in 80 to 45 minutes at 227,15 1o 35 minutes at 357, and
10 minutes at 50° C.in 1%, quinone, but it was attuined in Jes:
than 5 minutes ut 507 in 2%, quinone.  Streteh should he applied
under any of these cotbinations of temperature and time to be of
most benefit.  If the fiber is to be stretehed not more than 1009,
however, there is considerable latitude in the time at which

streteh may be applied.
The reaction of quinone with easein appears to be i

neutral solutions.  Casein fiber hardened with quinone is su-
perior tr) formaldehyde-hardened fiber with r et to brittlen
and resistance to water,  Quinone hardening was most effee
near the isoclectrie point of cascin,  Although the nature of the
reactions is still unknown, quinone bas been found to react with
proteins und many amino compounds (/, 2); most of th

tions proceed readily in agqueous solution at raom temng

It has been found (4, 5) that deaminized collagen (hide powder)
fixes ubout 609 of the amount of quinone fixed by untreated col-
lagen in 24 hours. It is thus probable that the eamino groups of

lysine are available in proteins for reactions of this type, hut tha
they aecount for only part of the reaction,

The modifieation of casein by acetylation, deamination, or ¢-.
terification, nd well as the additfon of small quantitics of quinone
or formaldehyde, markedly decrenses the ability of e
fibers in the presenee of wader,

dan o form
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